
In deciding if a treatment is likely to work in an individ-
ual patient, clinicians need to know the effect of the in-
tervention in patients who take the treatment as pre-

scribed. However, participants in clinical trials may not
adhere to the protocol, or clinicians may recommend with-
drawal of the study medication because of apparent adverse
effects. Should investigators exclude from the analysis any
participants who violate the research protocol? In this article,
we review how randomization reduces bias in clinical trials
and then discuss the importance of including all eligible pa-
tients in the analysis, to ensure the validity of the results.

Preventing bias in randomized controlled trials

The randomized controlled clinical trial is the best way
to minimize bias in ascertaining treatment effects. The in-
tent of randomization is to establish groups of patients with
similar distributions of the characteristics that could deter-
mine whether they will suffer the adverse outcome of inter-
est. If prognostic factors are balanced in the 2 (or more)
groups and if the treatment has no effect, the proportion of
participants experiencing the target outcome will be similar
in the arms of the study. Conversely, if differences in out-
come are observed, clinicians can confidently attribute
those differences to the experimental intervention.

Applying the intention-to-treat principle

How should investigators analyze study data if one or
more patients have not adhered to the allocated manage-
ment strategy, for whatever reason? Some investigators deal
with these protocol violations by excluding the participants
from the analysis. This form of analysis, known as a per pro-
tocol, efficacy, explanatory analysis, or analysis by treatment
administered, describes the outcomes of the participants
who adhered to the research protocol. Although investiga-
tors can use information from such an analysis to estimate
the intervention’s efficacy in those who actually received it
in the intended intensity or dose for the intended interval,
this estimate is likely to be seriously flawed.

The problem arises because the reasons for nonadher-
ence to the protocol may be related to prognosis. Empirical
evidence suggests that participants who adhere tend to do
better than those who do not adhere, even after adjustment
for all known prognostic factors and irrespective of assign-
ment to active treatment or placebo.1,2 Excluding nonad-
herent participants from the analysis leaves those who may
be destined to have a better outcome and destroys the un-
biased comparison afforded by randomization.3

A hypothetical example will illustrate how excluding pa-
tients who do not receive the treatment to which they are
assigned can introduce bias. Imagine a randomized trial of
200 patients with cerebrovascular disease, of whom 100 are
assigned to receive acetylsalicylic acid (ASA) and a surgical
intervention for which there is a 1-month waiting period
and the other 100 are assigned to receive ASA alone (Fig.
1). Let us assume that the surgery is ineffective in prevent-
ing stroke — that is, on average, the same proportion of pa-
tients in each of the 2 arms (surgery + ASA and ASA only)
will suffer a stroke.

In the surgery + ASA arm, 10 of the 100 patients have a
stroke, the primary outcome of the trial, in the 1-month
waiting period between randomization and surgery. Of the
90 patients who go on to have the surgery, 10 have a stroke
in the subsequent year. Because in the absence of an effec-
tive intervention the patients in the ASA-only arm share
the same destiny as those in the surgery + ASA arm, and
because we have assumed that surgery is ineffective, we
know that 10 patients in the ASA-only arm will have a
stroke in the month after randomization and another 10
will do so in the subsequent year.

If we restrict the analysis in the surgery + ASA arm to
the patients who underwent surgery (a per protocol analy-
sis), the event rate would be 11% (10/90); however, the rate
in the ASA-only arm would be 20% (20/100). These values
represent a spurious (since we have assumed that surgery in
fact has no effect on subsequent occurrence of stroke) re-
duction in stroke risk of close to 50%. Alternatively, if we
count all events in all randomized patients, according to the
intention-to-treat principle, we find that there were 20
events in each group and no evidence of a positive treat-
ment effect. This analysis eliminates the misleading esti-
mate of surgery’s impact that is obtained with the per pro-
tocol analysis.

As illustrated by this example, applying the intention-to-
treat principle provides an unbiased assessment of the effi-
cacy of the intervention at the level of adherence observed
in the trial. This level of adherence could be similar to that
observed in the community, and the results could inform
community-based decisions about the effectiveness of the
experimental intervention.

However, clinicians make decisions at the level of the in-
dividual patient. Patients considering a treatment regimen
and committed to complying with treatment wish to know
how well the treatment will work when they use it at the
intended dose for the intended duration. We have seen
how per protocol analysis fails to answer this question and
introduces bias. Unfortunately, applying the intention-to-
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treat principle doesn’t solve the problem. When treatment
is effective but nonadherence is substantial, the analysis
following the intention-to-treat principle underestimates
the magnitude of the treatment effect that will occur in ad-
herent patients.

The solution involves conducting an intention-to-treat
analysis, but only after using a protocol that ensures maxi-
mal adherence. For instance, studies may include run-in
periods that identify nonadherent participants or partici-
pants intolerant to the experimental treatment, so they can
be excluded before randomization.4

Dealing with loss to follow-up

Intention-to-treat analysis cannot minimize bias intro-
duced by loss to follow-up, that is, patients whose outcome
status is unknown. If investigators stop following patients
who do not adhere to the study protocol, they will be un-
aware if those patients suffered the target outcome. If they
conduct an intention-to-treat analysis and count events in
all participants of whose outcomes they are aware (that is,
those who followed the protocol), they will, de facto, be
conducting a per protocol analysis.

Investigators often include patients lost to follow-up in
the denominators in tables describing study results and in

calculating estimates of effect. This approach assumes that
none of those lost to follow-up suffered the target outcome.
Making this unlikely assumption opens the door to a mis-
leading presentation of study results. Alternative strategies
are available that impute outcomes to those lost to follow-
up. Some of these strategies include using multivariate
analysis of prognostic factors to predict the most likely out-
come in those lost to follow-up, imputation of outcomes by
carrying the last known outcome status forward and analy-
sis of best-case and worst-case scenarios. Nonetheless,
these strategies in general make unverifiable assumptions
that may introduce bias in the estimates of treatment
effect.5 Thus, inferences from studies with appreciable loss
to follow-up are usually weaker.

Determining if intention-to-treat analysis
was used

Clinicians evaluating a randomized trial need to know if
the researchers applied the intention-to-treat principle. A
quick approach is to scan the Methods section of the pub-
lished report looking for the phrase “intention-to-treat analy-
sis.” Two surveys of randomized controlled trials published in
major medical journals during 1993–19956 and 19975 found

Fig. 1: Per protocol analysis introduces bias into the estimate of intervention efficacy. For our
analysis of this hypothetical randomized controlled trial of patients with cerebrovascular dis-
ease, it is assumed that the surgery is ineffective in preventing the adverse outcome of interest
(stroke). Per protocol analysis of the treatment group (surgery + acetylsalicylic acid [ASA]) in-
cludes only those patients who adhered to the protocol (in this case, those who received
surgery); “nonadherent” patients (those who died before having the opportunity to undergo
surgery) are excluded. With this analysis, the event rate is 0.11 in the surgery + ASA arm and
0.20 in the control arm, which represents a relative risk reduction (RRR) of 0.45. The intention-
to-treat analysis, which counts all events in all randomized patients, shows equal event rates
(0.20) in both arms and no risk reduction. This analysis suggests the underlying truth, a treat-
ment effect of zero. R = randomization.
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that half of the reports used the term “intention-to-treat
analysis.” Unfortunately, the term was not always used appro-
priately. Thus, readers must look carefully at what was actu-
ally done, rather than looking only for the term.

In particular, significant loss to follow-up may introduce
exactly the same bias as a per protocol analysis. For in-
stance, Silverstein and associates7 reported the results of a
trial in which 8843 patients taking nonsteroidal anti-in-
flammatory agents for rheumatoid arthritis were randomly
assigned to receive misoprostol (4404 patients) or placebo
(4439 patients) to prevent gastroduodenal complications, as
judged by outcome assessors blinded to treatment assign-
ment. The authors described their analysis as an intention-
to-treat analysis. However, patients lost to follow-up were
included in the denominator of event rates. Inclusion of
these patients in the denominator without accounting for
their outcomes in the numerator assumes that no patient
lost to follow-up had gastroduodenal complications. The
size of the groups lost to follow-up (1851 patients in the
misoprostol group and 1617 in the placebo group) eclipsed
the number of patients who experienced the primary end
point in each group (25 in the misoprostol group and 42 in
the placebo group), a situation that leaves the reader uncer-
tain about the true magnitude of the treatment effect.

In another example, Harris and associates8 reported the
results of study in which 1628 postmenopausal women with
a previous vertebral fracture were randomly assigned to re-
ceive risedronate (813 patients) or placebo (815 patients) to
prevent another vertebral fracture, as judged by a radiolo-
gist blinded to treatment assignment. These authors also
described their analysis as an intention-to-treat analysis. Af-
ter 3 years, 324 patients in the risedronate arm and 365 pa-
tients in the placebo arm had been lost to follow-up. The
authors reported outcomes up to the point of last follow-up
(using survival analysis), including 61 in the risedronate
group and 93 patients in the placebo group with new verte-
bral fractures; the relative risk reduction was 41% in favour
of risedronate. Those lost to follow-up from the placebo
group were at higher risk (had more vertebral fractures) at
baseline than either those in the placebo group who com-
pleted the study or those lost from the risedronate arm.
This indicates that the placebo patients remaining in the
study were a good-prognosis group and had, on average, a
better prognosis than the remaining patients in the rise-
dronate group. Because the risedronate group experienced
fewer vertebral fractures than the placebo group, the sub-
stantial loss to follow-up in this case does not weaken the
inference that risedronate results in a relative risk reduction
of about 41%.

Conclusions

If randomized controlled trials are to provide unbiased
assessments of treatment efficacy, investigators must apply
the intention-to-treat principle. To improve the applicabil-
ity of study results to individual patients, investigators
should improve study design to ensure protocol adherence
with minimal loss to follow-up. Finally, loss to follow-up
can result in exactly the same sort of bias as a per protocol
analysis. Therefore, if there is significant loss to follow-up,
statements that investigators conducted an “intention-to-
treat analysis” generally provide little reassurance.
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